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S U M M A R Y
A combination of infection control interventions, consisting of education, isolation, hand hygiene,
contact precautions, and environmental disinfection, was implemented in the medical intensive care
unit (MICU). The strict restriction of the use of antimicrobial agents was not included in this study.
Following the interventions, the incidence of Clostridium difﬁcile infection (CDI) in the MICU decreased
signiﬁcantly, by 67%, from 4.70 to 1.53 cases/1000 patient days (p = 0.012), while the hospital-wide
incidence of CDI increased signiﬁcantly from 0.93 to 1.17 cases/1000 patient-days (p = 0.021). A
multifaceted approach to minimize C. difﬁcile exposure can be effective in reducing the incidence of
hospital-acquired CDI under conditions that do not allow for a restriction in the use of antimicrobial
agents.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
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Clostridium difﬁcile is the most commonly recognized cause of
infectious diarrhea in healthcare settings.1 The incidence and
severity of C. difﬁcile infections (CDI) have increased signiﬁcantly
over the last decade.2,3 Exposure to both antimicrobial agents and
C. difﬁcile itself are important risk factors for the development of
CDI. There are three ways through which patients may be
colonized with C. difﬁcile in the hospital setting: (1) contact with
a healthcare worker; (2) contact with a contaminated environ-
ment; (3) direct contact with a CDI patient.4 Therefore, a
multifaceted approach is required in order to minimize exposure
to C. difﬁcile.5–7
2. Methods
The incidence of healthcare-associated CDI in Wonkwang
University Hospital was recorded from April 1, 2011 through
December 31, 2011. The overall incidence of healthcare-associated
CDI in the hospital was 0.93 cases per 1000 patient-days; however,
the incidence in the medical intensive care unit (MICU) was 5 times* Corresponding author. Tel.: +82 63 859 2647; fax: +82 63 855 2025.
E-mail address: john7026@wku.ac.kr (J. Lee).
http://dx.doi.org/10.1016/j.ijid.2014.01.011
1201-9712  2014 The Authors. Published by Elsevier Ltd on behalf of International Sohigher (4.70 cases/1000 patient-days) than the overall incidence
rate. During the recording period, the infection control procedure
for healthcare practitioners for CDI was limited to hand hygiene.
As the MICU exhibited the highest incidence of CDI in the
hospital, we chose to implement the additional infection control
interventions in the MICU. The infection control interventions
implemented consisted of education, isolation, hand hygiene,
contact precautions, and environmental disinfection. In recogni-
tion of the severity of illness that many MICU patients experience,
strict restriction in the use of antimicrobial agents was not
included as an infection control intervention in this study. The
educational intervention consisted of a lecture, presented to all
medical staff and attending physicians, detailing survey results and
baseline data. Patients with CDI were placed in a private isolation
zone, with at least a 2.2 m distance between patient beds and a
separate hand-washing sink near each bed. Isolation was main-
tained until the patient had remained free of diarrheal symptoms
for 48 h. Healthcare workers and visitors were required to wear
clean gloves and gowns prior to contact with a CDI patient, and
were instructed to perform proper hand hygiene with soap
(triclosan, 0.03%) and water after caring for, or coming into contact
with, patients with CDI. During the intervention period, environ-
mental disinfection using sodium hypochlorite (1000 ppm) was
increased to twice daily from once a day in the pre-intervention
period.ciety for Infectious Diseases. Open access under CC BY-NC-ND license.
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symptoms (usually diarrhea or fever and unexplained leukocyto-
sis) and a positive stool test for C. difﬁcile toxins (PCR-positive or
toxin-positive).4 We did not perform the C. difﬁcile test to detect
asymptomatic colonization. Categorical variables were compared
using Fisher’s exact test or the Chi-square test, and continuous
variables were compared using the independent-samples t-test. p-
Values of less than 0.05 were considered statistically signiﬁcant.
3. Results
This study was a before-and-after intervention study, and all
data were collected retrospectively. In this study, 290 patients
were admitted to the MICU from April 1, 2011 through December
31, 2011 (pre-intervention period), and 277 patients were
admitted from April 1, 2012 through December 31, 2012
(intervention period). Patient characteristics upon MICU admis-
sion, including mean age, length of MICU stay, and Acute
Physiology and Chronic Health Evaluation III (APACHE III) score,
were similar during the two periods (Table 1). The deﬁned daily
dose (DDD) of antimicrobial drugs and anti-ulcer drugs was also
similar in the two periods (Table 1).
The overall incidence of CDI in the hospital increased
signiﬁcantly during the intervention period, from 0.93 to 1.17
cases/1000 patient-days (p = 0.021). The incidence of CDI in theTable 1
Demographic and clinical characteristics of patients admitted to the MICU prior to
and during the intervention
Characteristic Pre-intervention
(n = 290)
Intervention
(n = 277)
p-Value
Age, years; mean (SD) 67.5 (14.6) 66.9 (14.4) 0.647
Male, % 62.8 63.5 0.865
Length of stay in MICU,
days; mean (SD)
14.0 (18.2) 14.5 (17.0) 0.760
APACHE III score;
mean (SD)
61.5 (22.8) 61.7 (25.3) 0.948
Nasogastric tube insertion
state, n (%)
190 (65.5) 200 (72.2) 0.103
Monthly number of
cases (range)
1.8 (0–5) 0.6 (0–3) 0.021
Antibiotics (deﬁned
daily dose)
Third-generation
cephalosporins
2.95  5.63 2.63  5.58 0.501
Piperacillin/tazobactam 0.82  2.69 0.69  2.36 0.551
Carbapenems 4.16  6.42 4.49  8.64 0.316
Fluoroquinolones 2.58  5.60 2.28  5.62 0.520
Anti-ulcer drugs
(deﬁned daily dose)
Proton pump inhibitors 6.62  14.08 7.79  18.08 0.387
MICU, medical intensive care unit; SD, standard deviation; APACHE, Acute
Physiology and Chronic Health Evaluation.
Table 2
Incidence of Clostridium difﬁcile infection prior to and during the intervention
Department CDI cases/total number
of days for all patients
p-Value OR (95% CI)
Pre-intervention
period
Intervention
period
Overall hospital 181/195 191 222/190 176 0.021
Non-intervention
departments
163/149 846 216/147 000 0.004
Intervention
department
18/3831 6/3913 0.012 0.36
(0.13–0.85)
CDI, Clostridium difﬁcile infection; OR, odds ratio; CI, conﬁdence interval.MICU decreased signiﬁcantly from 4.70 to 1.53 cases/1000 patient-
days (p = 0.012, odds ratio 0.36, 95% conﬁdence interval 0.13–0.85).
During the same period, hand hygiene and an educational
intervention were applied to all the other departments except the
MICU for the infection control of CDI. However, the overall
incidence of CDI in those departments increased from 1.09 to 1.47
cases/1000 patient-days (Table 2).
4. Discussion
During the study period, patients with CDI in the MICU were
placed in isolation and the use of personal protective equipment
and environmental cleaning was applied at the same time. As a
result, the incidence of CDI was reduced by approximately 67%.
These results, in combination with those of previous studies,8
suggest that patient isolation, environmental cleaning, and the use
of personal protective equipment may act synergistically to reduce
the incidence of CDI.
C. difﬁcile or its toxins may be detected in patient stool despite a
clinical response to treatment.3 Therefore, maintaining hand
hygiene is important for the control of C. difﬁcile infections after
patients are removed from isolation. In our study, the hand hygiene
compliance rate in the MICU was higher during the intervention
period than during the pre-intervention period (58.2% (446/776)
vs. 86.4% (574/664)). This result may be an undetermined
intervention factor.
Reducing unnecessary antimicrobial use has been shown to be
effective in reducing CDI.9 However, in our study, strict restriction
of antimicrobial use was not practical. Fortunately, the DDD of
antimicrobial drugs was similar in both periods.
Our study demonstrates that a multifaceted approach to
minimize C. difﬁcile exposure can be effective in reducing the
incidence of hospital-acquired CDI under conditions that do not
allow for a restriction in the use of antimicrobial agents.
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